The boundary-layer equations in a Crocco variables form have been numerically solved for flow over spinning sharp and blunt cones at zero incidence to supersonic and hypersonic streams. Both laminar and turbulent flows have been treated, and for the blunt cases swallowing of the inviscid entropy layer by the boundary layer has been considered.
The item of primary interest is roll damping, and results of a parametric study involving Mach number, Reynolds number, cone angle, and bluntness ratio are presented.
Limited comparisons with experimental data and another method of computation are also presented. It is the purpose of this report to present a method which has been developed for the computation of the boundary-layer flow over spinning sharp and blunt cones in supersonic and hypersonic streams, and to present the results of a parametric study of the effects of Mach number, Reynolds number, cone angle, and bluntness ratio on the roll-damping derivative for a family of sharp and blunt cones at zero angle of attack.
Both laminar and turbulent boundary layers have been considered, and for the blunt cases the effects of swallowing of the inviscid entropy layer by the boundary layer were included in the analysis. Some investigations were also made of the effects of vehicle wall temperature and roll rate, and Reynolds number scaling of the roll-damping derivative was examined.
Conditions were considered which are typical of both wind tunnel and free-flight situations, and limited comparisons were made with experimental data and results of other computations. The governing equations degenerated to two-point boundary-value problems at a sharp tip or stagnation point, and formed a parabolic system which could be tsolved by marching down the remainder of the body.
The boundary conditions required were generally the values of the dependent variables on the body surface and at the outer edge of the boundarylayer, together with the longitudinal derivatives of the outer-edge conditions.
Wall boundary conditions were provided by the no-slip condition and a specified surface temperature, together with the inviscid surface pressure, which was assumed constant with respect to the direction normal to the surface, the standard boundary-layer assumption.
For the sharp cases, the outer-edge boundary conditions were taken as the inviscid body surface conditions. For the blunt cases, the outer-edge boundary conditions were determined from inviscid flow data, This method of solution of the governing partlal-dlfferent equations involved replacing them by a set of consistent, llnearlzed, algebraic equations.
The resulting set was of trldiagonal form and could be solved by means of the well-known algorithm available for such cases.
The solution required iteration to remove the assumptions made in the linearization, and cases which considered entropy swallowing involved an outer iteration concerned wlth the determination of consistent outeredge boundary conditions.
RESULTS OF CALCULATIONS
In thls section, results of calculations made using the method described in the previous section are presented.
Comparisons are made with experimental data and results from another method of calculation.
These comparisons tend to validate the method developed in thls investigation.
Results of an examination of the effects of vehicle wall temperature and spln rate on the roll-damplng derivative are presented, and some considerations of Reynolds number scaling are also discussed.
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The All of the calculations made in this investigation were performed on an IBM 370/165 digital computer.
COMPARISONS WITH OTHER DATA
To validate the method used, results of calculations made using the present method have been compared with experimental data and with results from another method of computation. 
BODY GEOMETRY AND FREE-STREAM CONDITIONS
The 
WALL TEMPERATURE AND SPIN-RATE EFFECTS
Variations of wall temperature and spin rate from that of Section 3.2 were considered, and the results are presented in this section.
The Mach 8, ec = 7.5-deg. , rn/r b = 0.15 case was run with spin rates of 100, 500, and 1,000 rpm, and with wall temperatures of 600°R and an adiabatic wall condition. These cases were run at unit Reynolds numbers of 0.5 x 106 and 3.0 x 106/ft, considering both laminar and turbulent boundary layers.
For these various conditions, the net effect of the spin rate variation on the roll-damping derivative was less than one percent for the range of spin rate considered, holding other parameters fixed.
The roll-damping derivative was substantially increased by changing the wall temperature from 600°R to an adiabatic wall condition (a wall temperature in the vicinity of 1200°R). For the lower Reynolds number laminar and turbulent cases and the higher Reynolds number laminar cases, this increase was approximately ten percent. For the higher Reynolds number turbulent cases, the increase caused by the increase in wall temperature was approximately twenty percent.
REYNOLDS NUMBER SCALING
Typical results of the parametric study of the effects of Mach number, Reynolds number, cone angle, and bluntness ratio on the roll-]2 damping derivative of blunt cones are shown in Fig. 3 . This figure shows the roll-damping derivative versus nose bluntness ratio for both laminar and turbulent flow on a 7.5-deg cone in a Mach 8 free stream.
Because of (a) the inclusion of the cross-flow terms in the governing equations, (b) the consideration of entropy layer swallowing by the boundary layer, and (c) the consideration of turbulent flow, the governing equations considered in this study do not, strictly speaking, have similarity solutions which allow casting the results in a Reynolds number independent form. Evidently, however, the effects of (a) and (b) are not strong in the laminar cases shown in Fig. 3, and 
SUMMARY AND CONCLUSIONS
A theoretical method of computing the boundary-layer flow over spinning sharp and blunt cones in supersonic and hypersonic flow has been described. The method was validated by being shown to give good agreement with experimental data and another method of computation.
Wall temperature and spin-rate effects on roll-damping derivative data were examined, and a method of casting the roll-damplng derivative data into a Reynolds number independent form was presented.
The bulk of the data presented were the results of a parametric study of the effects on the roll-damping derivative of Mach number, Reynolds number, cone angle, and bluntness ratio. The results were for a range of the parameters which should allow their application to the analysis of the motion of spinning cones in both wind tunnel and flight
situations.
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